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SUMMARY

2 The United States Air Force had encountered difficulties involving
the avallability, quality, and format of air weapon system design data re-
quiréd for the acquisition of simulators. In view of the increasing impor-
tance of modern digital computer~-driven flight simulators in providing the
required training, both for initial qualification and for the maintenance of
readiness, it was determined that an up-to-date standard to identify the data %
required by simulator manufacturers was needed. This standard would then be ;

included in the development and acquisiticn contracts for future weapon sys-

PRRTRAET . - o

W

5 tems to provide for the timely supply of the requisite data. ?
§7 Systems Research Laboratories, Inc. was selected to perform a study

ii of the simulator data requirements, resolve any difficulties incideat to the

%ﬂ timely supply of that data, aund prapare a General Requirement for the acquisi-

§q tion of that data in future contracts. The study was conducted by surveying é
5 simulator manufacturers and simulator acquisition activities to determine the 3

problems and requirements, then surveying ailrcraft, avionic systems, and
engine manufacturers to determine data availability, problems in satisfying ;

the requirements, and sugzestions for alternate approaches. 4

As a result of this study, a proposed General Requirement was pre-
pared which could be included in future weapon system procurement contracts
to provide for the timely supply of the data required for simulator develop-
ment. In addition to this "Data Specification," certain other actions are

stttk b4l b bt b el ot i

required to make the system work.

1. Order the data when the aircraft is ordered.

2. Place simulator data at a high enough preccdance to eriure

compllance.

3. Make certain that simulator data requiremeats are ircluded in

the procurement contracts for CFE items.

vi
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4, Have simulator data delivered to the Government.

5. Have an initial data package based on the best data available,
probably wind tunnel, bench test, and engine test-stand supported estimations,
delivered after the aircraft design freeze and before announcing the simulator

development competition,

6. Have the initial data package updated at specific block in=- Z
tervals until all data is based on flight test results or equivalent '"hot E

bench" data.

i

7. Task the Air Force Flight Test Center to make engineering simula- :

tions of each new atrcraft development program and to derive the handling ]
qualities and performance parameters from flight test data for the use of E
the simulator manufacturer. Make this an early item in the fliight test program ]
so that the simulator can be in operation at the operational command in time f

to support the receipt of the first aircraft.

8. Task AFFTC to supply a qualified test pilot current in type
and a flight test ergineer to assist in the simulator development from the ;

initial contract award through acceptance testing.

Other recommendations for further studies to resolve certain simu-

lation technical problems and to reduce the cost of simulators are included

[ TE U RIS NS TP O SO

in the report.
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SECTION 1
{NTRODUCT 1ON

1. BACKGROUND

The Aeronautical Systems Division, Alr Force Systems Command, United’
states Air Force, Wright-Patterson AFB, Ohio, recognized problem areas in
the acquisition of data required by aircraft simulator manufacturers for

development of simulators having high fidelity of duplication of the perform-

ance of the weapon system. The need to establish sound business arrangements

between the aircraft manufacturer, simuiator manufacturer, and Air Force

for the acquisition and transfer of data was appaient.

S

“The rising procurement and operational costs of modern air weapon systems
combined with a need to conserve fuel and to extend the service life span and
inventory level of high performance combat aircraft dictate a requirement to

perform mpre and more of the training necessary to attain and maintain combat

efficiency in simulators., This will not only create requirements for a

greater number of simulators but more importantly, it will require a great

many more full wission simulators. The'tequirement for timely and accurate
~

data,is therefore escalating rapidiy.’ '+ 7

t

The current practice is to either make the simulator a separate procure-
ment with each simulator manufacturer making his own arrangements to obtain
the data he needs or to make the simulator a line item of the weapon system

prime contract, thereby making the prime contractor responsible for the

necessary data as well as the simulator. Neither ol these apprcaches has

proven to be entiiely satisfactory. One approach resulted in encountering

difficulties involving data availakility, quality, format and timely delivery
to the simulator manufacturer since there is no svandard list of the data to

be procured or its format. Also, the data is not ordered until after the

aircratt prime contractor is well into the development program, which accou

tor extra costs as well as jack orf availabilitv, The other approach places
the Government simulator experts "out of the loop" and in a position of

reduced visibility of the simulator development and in a secondary position

- Ay . - -
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S o regaerding the employment of assets in order ‘to effsct a timely delivery of

the simulator,

In the falli of 1975 the Aeronauti;al Systems Division. bépﬁiy frr

ngelopment Planning, announced an intention to contract. -for & study of the.

aircraft simulator requirements and data acquisition areas. A subsequent

comﬁetition feaulted in award of a contract entitled "Aircraft 3imulator

The study was dotmencdd on 1 May 1976 with- eompleiicnmaf Al
The stated objective of the study was to

"}f-Bata Requiremen:a.&;udv" to Systems Research Laboratories, Inc. (SRl) of

Dayton, Ohio._
items required by 30 January 1977.
improve thé process of acquiring data required for aircrart simulators
‘through the identification of problem areas in data acquisition and definition
of standard data requirements through preparation of a ptoposéd'Generél

S ‘ " Standard. MIL-D-23143 (Wep), ''Data, Technical Aircraft; for the Design of

" was to be used as a guide for the preparation

Aviation Training Devices,

of the new standard.

-

2. METHODOLOGY

AR e

The study was divided into three parts., Part I consisted of those

efforts necessary to determine the requirements for data through reviews of

T

current specifications, meetings with simulator acquisition agencies, and

through interviews with a selected list of simulator manufacturers. Part 1!

< consisted of those effarta necessary to determine the availability of data
i) through interviews with aircr ift manufacturers and Government Air Weapon

P System test activities. Part 111 consisted of an analvsis and reconcillia-

tion of the data requested versus the data available, a resolution of

problems, and preparation of the recommended standard. It also included
ddition

preparation of a final technical repor* and presentation material In addi

to %“he provosed General Standard.

1t was recognized from the beginning that good cooperation bv the
this studv. As

companies to be interviewed was essential to the success of

a step to help achieve that cooperation, the Aeronautical Svstems Divizion

= sent letters to a prospective list of aircratt and simulator manutactarers

E
=
3
e ]
e
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=
§
3
E
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; before the data study request for proposal wac issued, explaining the
f obiectives of the study, stating that contractors who manufacture either
aircraft or aircraft simulators would not be permitted to perform the study

and requeating that the companies voluntarily cooperate with the studvy on a

non-reimbursement basis. After the contract was awarded, all simulator
manufacturers who had responded to the ASD letter offering to cooperate in
the study were invited to a kick-off meeting at SRL on 21 May. The purpose
of the meeting was to e¢xplain what was planned, to solicit suggestions
relative to the study approach, and to again pgint out the importance of

Representatives from the Aeronautical Systems Division's

T w3 e e e s
~% . . :

cooperation,
Deputy for Development Planning, Simulator System Program Office, and Deputy

for Engineering, Flight Simulator and Trainer Branches, from the U.S. Naval
f~ Training Equipment Center and from the Air Force Human Resources Laboratory
w! attended, as well as representatives of the various simulator manufacturers

AT ey e

-

et iatimiid A St

i listed in Table 1 below.
! maaua 1
SIMULATOR MANUPACTURERS SELECTED

R T T

L et gl

AAI Corporation

Goodyear Asrcapace Corporation
Grumman Aerospace Corporation
McDonnell Douglas Electronic Company
Singer-Simulation Products Division

o e s ol bbbt i

PR

T Y
A
i st

The proposed approach concisting of submisaion of a questionnaire to de
followed in a short time by the SRL interview team was acceptable with no

changes requested and was implemontad in the study.

The status desired for the Genevral Standard was discussed. Specifically,

the applicability of the standard as to type of aircraft and whether or not

it was to be a tri-service document. The decision was reached that this

stuly was to address fixed wing, horizontal takeoff, turbojet, turbofan, or
It would not address helicopters, seaplanes,

P

turboprop powered landplanes only.
and VIOL. It was decided that these could be handled better by separate

standards rather than by one voluminous standard that applied to everything. :




It was also directed that the study directly address the Air Fo:ce problem.

If coordination with other services were desired it would be taken care of
Whether to estimate a future

P by the Air Force subsequent to this study,
%’ simulator technology or base the study onr current technology and performance
! requirements was discussed. It was determined that the study would address
3 current simulator specifications. The investigation was conducted based on

these clarifications of the ground rules.
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SECTION il
DECERMENAVILON O DAVA REGUTREMENG S

2ol SIMULATOR MANUFACTURERS SURVEY

The selection of simulator manuracturers to be interviewed was made
based on tne responses to the ASD letter ot 25 November 1975, additional
comments received at the kick-off meeting, and the need to cover the compuanies
with Alr Force simulator experience covering the spectrum of similar tvpes
from full mission to part task trainers. Based on these criteria, a proposea
list of simulator manutfacturers was recommended, This list, the companies

iisted in Table 1, was approved by the Air Force for 'mplemzntation.

A proposed questionnaire was prepared and coordinated with the Air Forco
Program Monitor tollowing which it was mailed to the companies previously
listed. 7The torwarding letter requested tnat the questionnaires be completed
and held 1Tor discussion with the interview team when thev visited the plant
in about two weeks. A copv of this questionnaire is attached as Appendix A,
All companies listed were visited bv the interview team during the simulator
manufacturer's survey except Grumman. Due to the complete involvement of the
key people in proposal activity, Grumman could not accommodate the survev
during the period scheduled for it. Arrangements were made to review their
simulator requirements when Grumman was visited as part of the aircraft

manufacturers survey.

At the conclusion of the planned interviews, a review of the answers
received disclosed good agrevement as to the data required through a repeti-

tion of answers. 1t was therefore decided that additional simulator manu-

facturer interviews were not reguired as part ot the requirements determination

process.

e i e S,
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2. RESTLDS F THE STMUTLAGOR MANUFACTURLRS DRV
A Alreratt general Requirements

e resotis r the survey will bhe discussed as general comments and

comment s oon specitic simulator sabsvscers in o subikegnent paragraphs.

the matority of simulator development problems have their origin in

v

the aarta packape supplicd and in the specitication. 'n some cases the formar

and metation o the data package is such as to make the data inaprropriate

tor use on oo osimulator, ror example otick foree data, without the corresponiipg

vross weigot and center ot gravitv.,  in other cases the tidelity (s the probter

o Cordevered o owind tunnel derived data do onot represent *He read
arrplane o te acenrasy requirec by the simulator specitication and lieht
test data 10 net gvailab.e to the simelator manutacturer unti! the <tart of
acveptance testjivg ard even then it generally is supplied piece-meal.

Althourh the examples are concerned with fandling qualities, the source of
the grettest number of complaints in the past, the other weanon svstem sub-

svstems have imilar rroblems as do part task trainers ir general.

Al resnondees were in agreement on the point that in general the

data does exist te the detailed level reguired once one is able to sit down

'

and ol to the rig
cngineering deparsment,. 1t wensld generally only he estimated data but dis
Aadcaat e ter anderstanding the interactions of the various systems rence the
wav the mathemat feal model must be constructed.  This bas heen proven
copeatedivow oo manaement permits the direct engineer to engineer intertace

d- tenorted by every respondec,

AVt e simalator manufacturers pointed out that the attitude of the

manazement of the wedapon system prime is essential to success in obtaining a

sood dato cacrage. In o several! coses the WS management has provided the vames

¢othe engineers who have the backpround knowledge of the developm nt of
the varicns portions: of the weapon svstem design and have encouraged direct

fnpineer s engineer iIntertace,  These have a'l been successfal,  Most o

f
%, o wpa. . - - ot = R .
- . . LI ‘- . - ~ .
Fovy L
= . T e P P

ht man in the alrceraft (or avionics or engine) cortractor's
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the simulator manufacturers stated that the 1low of information is must less

restrained when the WS prime does not have a close knit corporate relation-
ship to a simulator manufacturer and the simulator contractor is similarly

divorced from corporate tie:n to aircraft manufacturers.

As examples of pood cooperation, there were three simulators studied
where the simulator contractor supplied a well qualified simulator engincer
on-site in the weapon system contractor's engineering department to assist
in pulling together the data package. These men were given free access to
all engincers. In all three cases the data packages were complete, supplied
on time, and to the level of accuracy available to the aircraft manufacturers.,

The tollow up inquiries were well organized and generallt quite fruitful.

Two of the simulators, involving different manufacturers in each case, werc
built on schedule and went through acceptance testing with a minimum or
confusion. In the third case, the simulator manufacturer received a complete
data package on time. This was a total package rrocurement with the simulator
procured through the prime contractor, however, the simulator data require-
meat dates were well ahead of the design freeze dates on the airplane, hence
nunervus, time consuming and costly changes had to be made to the simulator.

This was a procurement scheduling rather than a data problem.

In contrast, there are a tew cases, including cases involving supply

of the simulator as part of the WS prime contract, in which the simulator
manufacturer has been prohibited from talking to anyone except his program

monitor in the prime organization. In most cases these are procurement

people, in one case a person in the AGE group, who do not understand the
data problem and are not motivated to sclve it. These situations lie at the

bottom of the worst examples of simulator programs that were discovered

during this studv effort.

In several cases the simulator manufacturer hds been supplied with an
experienced pilot to attempt to get the simulator to fly like the airplane
in the absence of a good data package.  This has been successfully accomplisicea
when the project pilot supplicd is an experienced test pilot and where he has

access to the aircraft being simulated so that he can alternate actual flight

it
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with simulator testing. The ability to continue to fly the actual aircraft
regularly {s essential to the maintenance of an adequate comparison base and
from time to time to investigate a particular phenomenon. This procedure

has been attempted utilizing pilots who have not been trained to perform test

work, The results have not been satisfactory.

The main drawback of this approach is that the simulator manufacturer
may not learn of fairly significant problems until quite late in the program,
a very expensive situation. In addition, 1t ties up a test pilot, an alrplane,
a simulator and a simulator design team for an extended period of time, which
is also verv expensive. Unless great care is exercised, the adjustments to
‘orrect current problems may mask serious simulator problems that will emerge

in later use of the simulator.

It was universally agreed ‘hat a good data specification, if enforced,
would go a long way towards solving the problems. Enforcement, ''clout," was
repeatedly pointed out to be essential. In this regard the Government pro-
curement activities are in the best position to apply any pressures necessary
to achieve a satisfactory solution of any data problems. It was also stated
to be prefer.ble for the Government to obtain the data and then deliver it to
the simulator manufacturer. RBeing a subcontractor to the WS prime completely

"clout" to obtain data and other serv-

deprives the simulator manufacturer of
ices "hey might require. Because of this the simulator manufacturer=, with

one exceptiva, stated a preference to be direct contractors to the Goverrment
and not subeontractors teo the weapon system prime. The one exception is a WS

prime contra-tor whe also is a simulator contractor.

't was determined bevond question that the situaticon can be improved
vastls Oy o incluading a proper simulator data specivication in aircraft prim

contracts ard enforcing timely compliance with ijt.

'n the oresent situdation cach sirmulator mannfacturer must make 1:e own
arrangernents for obtaining an rdequate data package. Just how thoreuagh and
ac-ourate this package mist be tence ite cost is not known until acceptance
tes ing. As a4 result, the simulator pronesal must contain o coot fipure

which is v hegt anoestimate, Tor o example, in o recent procurvement e WS

o~ o . .. - cZ s - -

- —— — kit - s .

o

Sl e b st

[



il

e

o

i

s v

E

B

i
I3

T -

Exgd

[N

manutacturer was quoting one miilion worlars tor a samtilator data pacsape,
Inclusion of such a data cost would have placed o sinciator manulacturer in a
poor competitive position hence he must estimate what 1a g competitive cont
and trust that he can obtain a good cnough data package to get by at that

figure.

Nearly everyone was emphatic in their statements tuat this was not o

o

good business relationship. One man (not a company) wanted the situation
continue on the grounds that he felt that his personal contacis were better

than anyone else's hence he had a competitive edge in the present situation.

What the simulator manutfacturers would like is 1or the covernment to
collect the data package in one place. When an RFP is contemplated announce
the fact and send all manufacturers who quality for the KI'P a list o! the data
collected and an invitation to review the data package. Have tne competition
based on that data package, which will be delivered to the winning contractor,
and have all simulator specifications referenced to that data baseline. Of
course provisions will have to be made for updating this data package at
intervals, preferably not more than two, while the simulator is being

develop~d.

All parties pointed out that regardless of how perfect the specification
and resulting data package may be it would still be necessarv to have
consultation with the engineers who prepared the data in order to understand
the package well enough to develop a simulator from it. Consultation mav
also prove to be fruitful as the simulator design begins t. firm up., This
was desired to be attained as an individual problem since the capabilitjes of
the various simulator manufacturers differ hence the amount of consultation
each may require in order to understand and emplov a given data package is
different, Such differences in capability are proper sound business
competitive factors and would receive recognition in costing (as opposed to

personal countacts for back door information).

The simulator manufacturers would also like to have da project pilot

(test pilot) and project crewmembers desijpnated carlv in the program to

.. L S hnane
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nrevide Saal st ive penidance Trom o time to time in the carlv phase o

eV Lenment e 0 nrevide hoto Tieative and cruantitative gaidance as tawe
e T rar ararec e Lt o whiete it an he onerated, the contributivns o!f o

Tar vicits wounld greatly aid the deveiopment ot oan

P lntor S Trl e the comment s ap e dncorporated inte the design

Y I N RS ST IR RIS s tar e toer than waiting untal the sitalgter i

Tedes Do ceptance o cting when the comments can only he accommodated b

rrimmine or o adiansiments which mav not be adequate in all cases, or by

cancnsive and timess cnaagmicy rede pn, Several cases yere hrought cout in
Wi o Tr oLy oty imTater was performed to corvest one problerm and the
simmlator accepted witheut discovering that this adiustment had severely

tidetity 01 the simulation in some other area. Since thers i.

.

fevracen T in t
CXUeNe L 0 0 e o etween the Yarions equations of meotion which attect
the varions - et icients (rost coetficients are partial derivatives | the

vripming procvess will never he satistactory un'ess the mathematical mode!
‘notoe simutator correctly o reftects the tree adrera’t o caguations o motion,
'l the var ous caramieters and coefticients are verv close to the true values

Proastments are Rept te miner changes and are made with a thoroupdh

AJer it iy v e et rtect thIG hanpe will Yave on other handlmg cunti
Corany et T e entare Clipnt enve! pe, Wter oach such agiuetment to the
Oe Todent s e e cguations of motion a trained test allot would e o

Hat other tivineg qualit fes are <s2i!!
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Severai probiclis bave arisen ia tne past where the aireraft manufacturer

did not believe that the simulator manutacturer necded data to the detail

e requested hence was very reluctant to sunply i, o almost every case the

simulator manutacturer was request ing tine grain detail in order to obtain

tidelity in simulation of malfuactions. This is being approached by making

mathematical models of each subsystem then combining them in 4 system model.

railures or degrad.ition of performance of any subsystem can then be duplicated
and the result on system pertormance determined with gooa fidelity. This is

an expensive approach which is required to meet a literal interpretation of

current requirements. It requires an excessive a.ount of expensive data and

results in a tremendous anount of unusable capabilitv. For exampie, one

simulator manufacturer estimated that it would take a tull year ot two shifts,

seven davs a week operation of one of his aircraft siwulators just to run

tihrough all of the tailures his simulator could duplicate, 1t is apparent

that considerable savings could be realized in this area by onlv simulating
a few of the most important tailures (e.g., 25) and implementing the pilot's

cues of these impending failures, abnormal operation or tailures, from the

instructors station.

All manufacturers consider that the instructor's stations is the real

key to the training system. [t can be simplified in most cases, and be made

in modular form with the majority of the modules standardized, which would

result in a considerable reduction in acquisition cost and a far greater

reduction in life cycle costs, including instructor training. Instructor

station decisions are dictated by the training objectives and must lead any

simulator design.

The various companies estimated reductions in the acquisition cost of

simulators thot could be realized by specitving the high fidelitv of replica-

tion ot handling characteristics and missior equipment over only that portion

of the total flight envelope that is important to success of the mission

instead of the entire envelope, and by allowing the same spread of accuracy

ot the parameters in the simulator that would be encountered in a prodaction

ot of aircraft., Savings can also be realized by providing incipient and

actual malfunctions cues under instructor control and only for the limited

11
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number of malfunctions for which the pilot can and should take remedial action
in flight, and by standardizing major portions of instructor stations and

associated interfaces., The estimated savings range from 15 percent for the

flight envelope only to 40 percent for the entire package.

B. Avionics and Display System Discussion

All the general problems discussed for the aircraft portion of the simu-

S

lators wlso apply to the avionles and display subsystems. In addition these

subsvstems have some unique problems.

A

S

The newer weapon systems, represented by the F-16 and DATS, have onboard

i

computers which operate as a central processing station for many displays and

operational equipments. These systems present vastlyv different demands than

older o{f-1ine computer systems sucit as the A-7D. The sensors make Inputs to

b
¢
i
i
'
i
5
b
!
[.

the central computer (processor) which performs the preprogrammed or commanded

L
R

operations on this data and generates the data that will appear on the pilot's

D L
v

T e g e 1 e r <

display. Target acquisition, navigation, ECM, aircraft periormance and similar
subsystems all make inputs to the computer and accept commands only from it.
The outputs are displays of prioritized targets, aimpoints, steering orders,
weapon launct computations, threat evaluations, present position, etc. The wavs

the fnputs are manipulated te determine certain outputs are controlled by tacti-

L e e ey

cal tapes. Te date each tape has taken about one vear to prepare ane debuy and

they are issued on a frequency of greater than one per vear. If the «imulator

A T vy e

.

manufacturer does not use these tapes directly, including automatic translation,

it will probably take hiu about one year after a tactical tape is issued to

L b st el i it e

transpose the information to his tape and debug it. Since automatic translation

P R TR

efforts are reported to be unsuccessful and not likely to be useable, the simu-

lator will never be able to be representative of the tactical aircrait,and the

process is e tremely expensive. It was unanimously stated that simulators must

be able to use tactical flight tapes with minor editing to delete unnccessary

Sokl
Cw

routines.

A straightforward solution would be to utilize the onboard computer in
the simulator, or utilize a non-flight qualified machine which could use the

tactical tapes, The first situation results in expensive havdware and some

2 T o g
I3

computational speed problems which can be overcome v simetater design. The
) 1 ; $

sccond approach presents the Alr Foree with a limited number ¢t special systems |
1

il

T -

to support, thereby creating a logistic problem which could prove to be o

12
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thiv same Tullctions in fihe i dat.

Proolen. he siSuiator Zanelact ofer

the best dpproacih to the fact.val tape pt

would then have to deternine awdans to

computer input soufces s0 that the propes ~tioulations can e presentec to tne

vontrol processor. There is a good possibiiite

functional simulations due to the Alr Force progras to standirdize sensor ou: -

put interfaces.
The newer weapen sysSicvms have sPecial sensors to detect (Rfeals.
Preparation vi mathesaticai awdels o synitesize th:ise sensors requires

access to inteliigence loevel data. This presents a . leabafive prodiva wiic
can be solved.  The resicual probles of wnere to go to get
is o

and how te extract the datd once tae proper reposiiory s iuentil.ed

difficult problern.
nave their own repository and documentation method. Siace

central ager v that coile ts all the required data and since the data detai,

is sce tario dependent (even for the same tarceais) tne problem is indeed
formicable.

Fhe Tirst step .s lgentilication o! Lae suoufies 37 Satd wioon is
Governnenl respousioiiitv,
good start. 1t should be expandee Jown to ¢
and phone numbe: or each type of
togetiher by a single tdan or source tor fiwe Goverament Wik wouid also be
.

responsiole tor sorting, resolving contisvts, ¢l to

the Government waia tav-oit.”  This must be accomplisted d

two L TOUr 7o ths atter contract h

design baseline, t
done the expanded Kilting 11le would be required by the simulator
with the Goverwr ent acquisition activity utilizing every opportunity to
expuedite the necessarv clearances, 1t
example antenna scan patterns, will nol be in the data bank. In such a
tiie Government wiil either have (o obtain tac data or acvcept

best estimate.

[n these types ol systoms the training intormation must otften be

extracted from quite sabtle changes in visual or aural presentations.

v, M wtan . . .
.- . - e e L e . . P ~ .

tuclionally simuidatle sehsors ang el

fOr COBBROINALILY in tae selsor

i Tequired Jdata

The vario.s agencies that culiect the required data ead:

therfe is Do o

The K. loinp 1iie nat NSA used to maintain was a
The (Ve ol o Dela, OTRARLZALLioN

data. Preteraniy the gata woule be pulica

by the simulatoer

awiard. ' this is not

is expected that certain data, tor

the vontractor’

Not

penvratye a datd Dackage

Tadutavture?r
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naster math odet, The detall required

W

G to accomplivih rthas s trem 1o

to o time resulted tn o ditficulte fn oobraining the needed data from enginge

nanutacturers Lor v ious reasons, penerallv considered to be caused hy

proprictary considerations,

n. Dati Requirements Schedule

T It is universally recognized that data to the accuracy fina'ly required
would not normally be available when the simulator development contract was

awarded. Working to data in the proper format but possibly ot lesser

test data, o

accuracy, tor example wind tunnel data instead or tlight
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e ne estimated date aul ovel verilicd nv o test data. By DR, 00 montns Axe, o« 3
coGpivte Gald Ppavkage coiisi 1i0x O everviniay requested In o ine data ;
. speciiication ali to the Dest accuracy avaiianivis roga.rea. Loan e ‘
;: estiMated Jdata whilch fdas gelerdly doeen revised o Feliect Lhe Fesuals o o
: .
E, wind tunnel and simiiar level svstem testis.  The acveplance test proceaury ;
ég‘ should be written to retlect tais datd pdckage aitd tae updates ol {1 Tece.ves, §
i saould be oapproved, tae data ;

Puarkape Trozen and the simulator built and tested accordingiv.,  Althous. e

data packape was trozen it CBR it i~ still possible to incorporate the resuits

of tligndt test on handiing qualities and perrformance during the vontractor's

'

evaludtion period which is intended as a debugging and trimming period to

make the simulator meet the specitication. During this period tine assistance

O 4 qualivied Lest piiot and o Tlight test vagineer who are lamiillar witt
tae subject alrcraft would be invaluabie. Thev can quickly assist in deter-

is wrong and wnere

mining not only what is wrong hut also probably why it

T
corrections should be made. At the end of this period the tormal acceeptance :

testing will be initiated, 26 months ARO, to verifv by flying a previousiv
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approved test procedure (ATP) that the simalator does In fact satisty b
specitication and is suitable for service use,

A long span is shown tor operator training. It is not intended that
operator trainineg would extend full time over that period rather that
operators (and maintenance personnel) would be trained and utilized as part

of ATP and other operations from time to time during that span of time.

Not all flight trainers are full mission trainers. Some will concentrate
on only a portion of the mission (for example instrument flight) which will
result in a greatly simplified trainer since only the systems used for that
portion of the mission need be simulated accurately. Some latitude could
also be given in the amount of the flight envelope to be accurately simulated
without any reduction in the accuracy required over the portions of interest.
A trainer of this type would have a development schedule typified by Figure 2.
The data packages are as previously described for the full mission simulator,
however, only those systems to be simulated need to be covered. The data
package is therefore smaller and required on a tighter schedule as shown with
the initial package, three montiis ARO, the complete package at seven months
and the final package at 12 months with actual alrcraft test data being
incorporated between the 18th and 20th months. Although the data package is
less voluminous the reduced schedule will in many instances make this more

demanding than the schedule shown in Figure 1.

The last trainer data schedule presented is for a part task trainer for

electronic warfare, Figure 3.

A clear statement of che training objective and general information on
kinds, type, number, displays and controls, crew station layout and tacticai
doctrine is required well before the RFP, These data are required in order
to "size" the task. These data must be augmented if necessary and approved
at a contract kick-off meeting immediately after award., The accumulation o
data is a continuous process from then until CDR, seven months ARO. By PDR
the threats (number, type disﬁosition), the

the approach to the equipments (simulate or use actual equipment) and a

approach to simulating the threat,
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complete layout of the ecrew station will bave been cvompleted, three months
ARO,  Fhe final data package witl have to be received and approved bv CDR.,
This involves many decisions bavc-d on judgment for whicli an experience "user
expert"” assiegned to the preogram team would be i{nvaluable. For some cquipments
this data package should contain aural and video recordings of the equipment

in operation it the ejuipment is in service,

During the contractor's evaluation phase the effects of anomalies,
unusual responses, ete. will be incorporated into the simulation (stimulation)

in order to make the simulator capable of realistic training of a mission

capable EWO.
E. Acceptance ‘Test Procedure

The acceptance test procedure is verhaps the most important single
document in the entire simulator data regime. 1t is the document which
governs the activity which determines whether or not the simulator is
satisfactorv for delivery. For the contractor it determines final pavments

on the contract; for the procuring activity it determines whether or not

they will have a satistied user command.

A great many problems have centered around the ATP in e past. In

peacral these are caused by writing the ATP around a data packag- tiat i«

ditferent {rom the one that has been approved as the basis for the desien o

the simulator. The simulator is then tested to this later data. Whether or

not the simulator passes these tests is a measure of how accurately the

aprnroved data package represented the real air wedapon svstem and net of how
accurately the contractor has duplicated a system represented by the data

package.  The simulator contractor should not be considered a party to the
creation o the data package, even though he had to procure it from tae
waeapon svetem prime contractor, since bhe was constrained to procure what the

wwime had oropared (recerded, eted) on another Government contract oad poe
I .

to conduct tests, etes to ascertitin the validite ot that data o o proome

any neceded additional datas T was unaminons iy stated that changes whijch

result trom testing to bater data or brom clanees sacin g "or any otner
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thing' should be at Goverament expense.  There appears to be no advantage ol
the present system which in ettoect says "build a simulator to o cata basceline

but it the acceptance test team does not like--change it.,

Better business relationships would result by requiring that the ATP be
prepared to retlect tne data package supplied, that the tolerances specified
be the same as allowed for a production lot of aircratt and that the simulator
test procedure b flown exactly according to the test procedure. This will
establish whetner or not tie simulator contractor has fulfilled the terms of
the contrict and will verity the performance of the simulator to the math model
based on the avproved data package. All the changes resulting from this
qualitative evaluation would be "within scope” changes. The other portion of
the procedure is to validate the data package (math model) to the aircraft.
This is the portion that has not been performed in a timely fashion in the
past. The greatest difficulty has arisen from the lack of flight test data
in time to incorporate it into the simulator. (The simulator manufacturers
state that often the first time they see any flight test data is during
acceptance testing.) 1t is considered that changes resulting from an
incorrect data package are "out of scope” changes or at ieast questionabie.
By mixing both portions of the procedure into one acceptance test activitv is

patently undesirable.

If enough emphasis is placed on obtairing the required aerodynamic,
ilight control, weight and balance, and iner data early in the tlight test
program it would be possible to have this dauw., including flight measured
derivati- .s, to the simulator manufacturer in time to use it in the contractor’'s
¢vaiuation program. Unless the original data package were grossly in error
it is doubted if incorporation of this data into the simulator at this time
wouid result in additional costs to the program. With the changes incorporated
to bring the data pacxkape to the aircraft it is now possible to conduct a
tormal acceptance test which is tor the purpose of veritfving that the simulator
is like the aircraft in those areas where it is supposed to be as specitied

in the contract which is reflected in the ATP.
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Proror some reasor it s not possible to updiate the data packape to
reftect LT test oor o equivalent s ostem data by the start of contractor
debupeing T en b0owor'd he advantaveo s to go through the ATEP based on the ;
specit v cta e Rare selely and apdate te the alrerart at a later time. In
A0 case she T bl twen roarts e moxed into g single Termal evaluation veriod,
3. TALA
o 3
: 1
? 1
A Data Precedenve
: 3
E
! "o is recognized that all the data required will generally not all be 1
: 4
i available 0 the most aceurate version at the time the initial data package 3
. is regorreo. ravision st theretore be made for updating the iritial data
)
*e pacriare as it desod on mord daoeurate sources become available.  The various
,L. : e . . ) N
; data scurces on which (e <imulartor dita packages could Ye based are listed
: i
helow in orcer o desirabiliny, :
i
i

Acrodyeari- (Handling Qualities and Performance)

[ ot Tests i
2. Witd Tunne! fests
i Theoretical Mstimation
H
. 1
Vreratt o Svstems i
i, Flic:t Tests Yor Reqguirement ;
* Vol senceh Mook Up
* 3
e 5. Compotent "ests o ane hrecitications i
" ;
- B Theoretical Tatimat oo i
¢ Aviond Costems
SN . Flipht Tests (where display or aura! resporses are involved)
{-_.; <. Hot menen Moer Up ;
. Compontent Tests and Specit leations :
|
3 ’ b Twerctical Eatimat fon
b Provelsion Systems !
3 N El
. i
u . Tlight et ;
3 :
N leste e Installation Mok Up :
i
. Bare Test o Stand Nharg i
1
4
. e e R Ee fane
%, e : o T ae Tz A ~ . * : .
i i ki ik Ac aam ok L
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Weight, Balance and inertia

B
, 1. Tests of Actual Alreraft
" 2. Theoretical Estimations
i Croew stations ;
' 1. Formally released drawings supplemented by photographs of
? actual aircraft ;
? z. Preliminary drawings supplemented by photographs of mock ups 3
Ei or illustrations !
i' Ground Operations
; 1. Taxi Tests

2. Component Tests
» 3. Theoretical Estimations
I
[%a ]
ey Although the simulator iJdesign can get started with data of lower
;i, precedence it must have all data items based on precedence one sources.
;f‘ Trainers would only need that portion of the data applicable to the part
';‘ task they address from precedence one and can use data from lower precedence ;
i sources in other areas. g
& :
;& B. Aerodynamic Data !
a 4
%' This data is desired in the form of derivatives for the standard
;ﬁ handling qualities and curves for the various performance parameters. 1t is

very important to have an understanding of the deviation of the data that
would be anticipated in a reasonably large lot of production aircraft so
that the curves can be made into bands and the inevitable compromises

necessary in the simulator's math model be made with the guidan-e of staying

within that realistic spread of data.

C. Aircraft Systems - Non-Avionics

The data for these systems should initially consist of an engineering

description of each system which will define the system, how it works, and

the performance specifications. This will suffice for planning the approach

to simulation and the initial efforts on the program. Before designing the
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simulation, 4 fenctional Hlock diagram as well as schematics
wil' he reguired, Tt is essentia!l that the transter Tunction

diagrams, et. .
for eiach block as well as the end to end svstem be given so that the svstem

dvnamics can be determined. All instrument or indicator readings ror nermal

and abnormal! operations zhould he nrovided.

D. Avionics Systems

Ve sate data ts required for avionies svstems oas tor the alreratt

systens plas these additional items,

Svstems thar preseat information in the torm of displave or audio

signais i < rewnenbhe: 's headset reguire that these presentation: eventualls

ne video dane auwdic recordings,

Some new aireratt have avionic and other misgion equinment integrated

through a central digital computer or computer complex hence have unique

problems sirce the computer software determines iow the svster responds to

varioun =tioootyy, Taeocomputer s progranticd by loadive taciioal Lo L

is ecesencia™ “hat complete details of the central computer, its prvcvamming

and tactica’ tape content be understood by the simalator manufaceour.

E. Propalsion System

(1Y Turbojet and Turbotan Engines

Uods desired to be able to prepare math models of the various subsystome
ol the prop lsion svatem as well as g <svstem mode!l 1o bring a’i o the sub-

svstens togetiior as i propuision system.  Fogine installed perforimance dota

consisting o thrast, tue’ 1low, instirument redeinps, eto. 100 s ioaay 0 1

conditions gt merements of atticade througheout the entire euvelope ot the

airerait is required as well s intermation a- to how 1o orrocot 0 is data

tor nenstavdard conditions.  Dvaamic pertormance, respoone o sadde 0 power

tevel movenent, acecleration time histories, deceleration time Niotarios,

windmifDing rpm va dviamic Bemiy o5 STails and arenid oyt e eyt
Coc ey c e vorma g ener en e e
€, M e - B A S - ——— - .
N . . e . “w ol oo - e e »~ .
g - s o s

s and wiring diagrans,

i
i
1
;
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The moment ol inertia ol the compressor about its axis of rotation is

desired,  Descriptions of the indications ot the most likely maltunctions,

the proper corrective action, the response to corrective action and the

consequences of a tailure to take timely corrective action are required,

(2) Turboprop Engines

In general the engine data required is the same as for a turbojet except

tnat the simulation has been made more difficult by the addition of a reduction

ki M, St

gear, propellor, a propellor governing and feathering svstem.

i Lk

A vomplete description of the propellor, blade, activitv factor, governor

’ and {eathering svstem is required. The rate of change of propellor blade

Le
- anple when under normal governor control and during reathering is required.

The windmilling rpm vs blade angle vs dynamic head vs time for various blade

e e e i

F < le settings is required.

A vital function is the time delay of the automatic and back up feathering
svstems and the bulld {n drap during this period as well as anv control or

T other <urtace bianking effects,

e e st ke e

‘ F. Weigit Balance and lnertia
i
¥ !
# - . : - : . ]
b The weipht and turee {irst movements and six scecond moments of the emptv ;
r :
aircrart and all items capable of being loaded, consumed, moved or dropped

in rlight are required.

Lange - e

G. Maximuem Values

»,
(8

" I Ry
)

The maximum values ol acceleration, speed, altitude and other performance

items is required in tapular jorm for use in scaling these tactors in the
i

computer.
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4. SUMMARY OF PROBLEM AREAS = SIMULATOR MANUFACTURER'S VIEWPOINT

The major problem revolves around the lack of correlation between what 3

the data provided defines as the aircraft, the actual aircraft and the attempt

e o e V,gww’ . !.Ii.“

to marrv the two in the acceprance testing process. 3
E N
é The management attitude of some aircraft prime contractors respecting ]
‘,: A
% simulator data is reflected by the assignment to the data supply job of anvone f
b
; who is available rather than only one who is qualified (in one case it was i
; treated as a piece of AGE). This attitude also results in keeping the .
é simutatoer engineers at arm's length from the aircratt (or any major subsystem) ]
i :
i englincers and is the major problem in obtaining the basic calculated data to
i i

the same leve ! ol aecuracy as the prime contractor has it. The major missing

data concerns ground handling and ground effects. Tn general the prime con-

contractor does not have the required data.

Flignt test (or cauivalent level system tests) covering the hreadth of

items the simulator manutfacturer needs has not been available to the simuiator

Lt s 8 b L e 4

contractars o time Lo be o! use in the design and preliminarvy checkour of

Ei che simalator, ;
E! The exvessive pnber of malfunctions included and the insistenc: on g
E performing noabnornal operation with the same accuracy as in norea’ g
*. operatior iv a mator cost problem. How tar to go into the abnormal i 'ight §
Fe i
*i; repgiov, tor cxdample how many turns of a spin, is not well detined. ‘nelnsion 5
of numercus raltunctions with high tidelity is extremely expensive. ;
1
Tne date to Jetiane pertformance in emergency situations, for exarnle the :
Smine resvorse Juring air o storts, is extremely limited.  The requirvement é
tor acouracy ol orespense in these situations is questioned. 1
Pesion of the instructor's station is a completely ditterent ball game !
oo desieniog aosinelator, This pels into the philosophy o traiving, the

task load hreawdown bhetween the instructor and automation and o whole serieas
o censiJderar ion s whiich rust o he decided hetore the simmlator aoesipgn an he
]
i
,, |
;
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commoneed,  Often this is not done, which then becomes o serious simulator

dezigr prublem.  The total data package must very definitively pin down the
design of the instructor's station.

The use of aircraft instruments is sometimes specified. This causes a
whole series of serious problems from reliability (really short life) to the

lack of internal detailed congruence between instruments that have the same
part number and are interchangeable in the aircraft. The reason for the
problem is that detailed voltages, etc. have to be picked off (or supplied)
to use the instrument in a simulator, whereas these voltages are not used
discretely in the aircraft. Since interchangeability is not controlled to
that detailed level it is the rule, rather than the exception, that when the

same instrument is procured from more than one source they will not be

interchangeable for simulator use,
5. ASSESSMENT OF THE DATA REQUIREMENTS

All of the data requests are valid and reasonable if the simulator

manufacturer is to perform to the level required by current simulator

contracts. Since the data for all simulators (trainers) of lesser complexity
than a full mission simulator are included in the data required for it, the
further discussion will concentrate on procurement of that one complete

data package from which all other data packages can be derived as required.

The remaining surveys and analyses were conducted accordingly.
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SECTION III
DETERMINATION OF DATA AVALLABILITY

E: The data required by the simulator manufacturers must be generated by
i the aircraft manufacturers, engine manufacturers, vendors to these contractors, :
i other Government contractors (GFE) or Government activities. The data stated g
gf to be required by all the simulator manufacturers was consistent, therefore |
gk it was pulled together as a consensus opinion and a survey of the possible
gd sources for this data undertaken to determine (1) 1s the requested data
é} avallable, (2) if it is available what is the schedule, (3) what is the
g accuracy of the estimated and windtunnel (laboratory) based data relative to
S flight test results, (4) to whom would they prefer or demand to deliver
g the data, and (5) the answers to all other questions raised by the simulator
ég{ manufacturers.
E‘w 1. AIRCRAFT MANUFACTURERS SURVEY 1
i
§I§ The consolidated data desires expressed by the simulator manufacturers
éi were arranged bv aircraft subsystem or equivalent and documented as the
& "Aircraft Simulator Data Requirements Study--Air Weapon System Prime i
QA Contractor Questionnaire,'" Appendix B. A list of air weapon system prime con- ?
g: tractors was prepared from the answers received to the Aeronauti-~al Systems ?
EE Division's letter of 25 November 1975 which has been discussed previously., The g
4&} list was modified to ensure that all required sources were visited and that it f
g‘ included the aircraft manufacturers who had worked with the simulator }
;Q? manufacturers on the projects for which comments had been received. 1o was
g also determined that an engine manufacturer should he added to the list. This
¥ VIR resulted in the survev list shown in Table I,
E A
¥
3 Soth the proposed questionnaire and the prevosced compositien ot the

" qurvey samnle were reviewed with the Program Monitor and cther Air Foree
Li‘ representatives at a program review ot 1h dnly 1976, Both itens werye %

approved, oceoardinglyy the survev was undertaken as nlanned, As i the oo :

ol the —~imalator manutarurers, the Letter of rrapamitral o0 the crc iy

redqruestod that the question:. e answored and oo sprvnaers 0
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TABLE

SURVEY LIST

2

R e e e ey =g e -

ATRCRAFT MANUFACTURERS

Boeing Commercial Airplane Division
Douglas Aircraft Company
General Dynamics

Grumman A:rospace

Lockheed Georgia Company
McDonnell Aircraft Company

Northrop Aircraft Division

Vought Corporation

AVIONICS MANUFACTURER
Hughes Aircraft Company

ENGINE MANUFACTURER
General Electric Company
GOVERNMENT ACTIVITIES

Simulator Acquisition

B-1 avionics

Commercial aircraft
EWACS
Commercial aircraft
F-16

F-111
F-14 (also EFllA simulator)
C=5A

C-130

F-4
F-15

T-38
F-5
F~18 data system

International market

A-7D
International market

Large complex system (F-14) -
central computer control
Avionics systems - no computer

control

Individual sensors

U.5. Air Force, Simulator Svstem Program Ofiice,
Aeronautical Systems Division

U.S. Navy, Naval Training Equipment Center

Test Activities

U.s, Adr Force, Flight Test Center,

Flight Test Divisiun
U.S5. Naval Air Test Center

v
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of the survevy team., No questionnaire was submitted to the Government

activities, since they were being visited to obtain guidance and overall

assessment rather than answers to specific questions.

All planned visits were accemplished except the one to McDonnell

They were unable to either answer the questiounaire or
1=

Alreraft Company.
spend a day with the interview team during the possible survey period.

as considered that an adequate coverage of the alrcraft primes representing

a wide enough cross section of aircraft types was available in the remainder

of the list so the survey was conducted as planned omitting that company.

Excellent cooperation and an open discussion of tt problems was enjoyed by

the interview team in all their visits.

2 RESULTS OF AIRCRAFT MANUFACTURER'S SURVEY

&
A (General Discussion

General comments concerning the availability of data and other simulator

problem areas are presented in this paragraph from the point c¢f view vt the

aircraft manufacturers. In later paragraphs the comments on spec’fic types

of datia are submitted., Tn general there was excellent agrecment in the

answers received. Where there were dissenting opinions in the answers both

eniniong are reported along with our opinion as to the basis for the different

ansears L1 one could be discovered.

tpe manviacturer made a statement which i{s an excellent summarv of

what was fousd te be the unaminous attitude of the group visited: "We do

not like te pive out the details of our aircraft that are required for the

develonmen  of g simulator but we recognize that this is a requirement of

Joing husivess w0 we go along with it."  That does not mean, however, tpat

thew Wil vive ont anvthing the simulator manutacturer asks ior or that thew

Wil wive the same level of data to everv manufacturer,

v iy rartt companies have data reduction and detailed pertormance
caamp e b e aragr et oot o, et e, o L
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on thelr own funds aad which they vonsider to be proprictarve  These data

they will not pive out. They are pertectly willing 1o give out the results
of their calculations, for example drap data, but not the details of how E

they went about calculating it. In their opinion the simulator manutfacturer 1

does not need that backup data anywav.

TRy
v

i ]

% All companies agreed that most of the datia required to build a simulator

# is or was available during the development of the aircraft hence {it could
have been supplied with little or no additional etffort had it heen ordered

. at the time the aircraft was urdered into development. The one exception is

the upgrading of aerodynamic and other system data as a result of flight

tests., In all cases tuese data are only rediced and put into coefticient or

-
ML

ey

J similar format that a simulator could use if they concern a contract ]

-
2.

puarantee point or ir trouble is being experienced in some area. For example,

U lift and drag data is vital to the contract puarantees of a commercial

E; transport, For these parameters, the initial estimated data is constantly
updated throughout the development cycle of the aircraft including flight
. tests., Very little of the other data is updated unless a problem is

encountered and then only that data that bears on the problem. 1t was found i

- that the militarv aircraft manufacturers followed an identical procedure

- except that the critical parameter they follow would vary from design to |
design. Producing an update of the simulator data package based on flight

test results would entail additional effort, hence costs, in the weapon system

prime contract., All contractors are well equipped to perform this service

if requested to do so however.

If the data is not ordered when the aircratt is ordered into develop-
ment, the aircratt manufacturer will, in fact must in a compctitive
environment, order from his vendors only that data required by him to build
tiw aircraft and supply the alrcraft data requirements. Similarly, in his
own engineering Jdepartment ae wiil oniv prepare in report format that data

he needs for his own use or tor nis UDRL requirements. Much of the lower ;

detail data does not become formalized in the normal course of business :
clthough it was generated in order to prepare some report. This is often

the very data the simulator manufacturer needs in order to prepare his .

31
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mathematical model. When the simulator data package is ordered a vear or

two later it is necessary for the aircraft contractor to go back and resurrcct
this detail data and possibly expand on it, change the format, etc. This

can be a very expensive effort due to personnel changes, disruption of the
engineering department, ete. The costs may appear, on the surface, to be

way out of line compared to the data delivered and the point of view "you
needed this to build the airplane.” The same situation exists in all the
vendor plants with the added problem that since there is no other source for
the data the suppliers are in an extremely strong negotiating position (as
are the primes with respect to the Government) which tends to make the data
cost much wore than it would have in a competitive environment. The necessity
to derine and order the data in the initial aircraft acquisition contract

was very strungly emphasized.

Parts of the data package are the design details of Qarious controls,
levers, pedals, panels, etc. that are in the cockpit or crew station and
must be in the simulator. Many of these components are long lead time items.
[f they are not ordered until after a simulator contract is awarded and the
successtful contractor has had time to digest the data package and place them
on order, it is almost assured that many compounents cannot be supp’ied until
after the required simulator delivery date. The suggested solution is to
order a few of these protable simulator items in the initial aircratt order
and have them scheduled for early delivery. 1f, for some reason, they are
no: required for the cimulator, thev can be cycled back into production,
delivered as spares or a combination of both. "The configuration consideration

is probably of little or ne concern for the types of components involved.

Throughout the survey of the simulator manufacturers and during the
visits to the Government activities the statement was repeatedlv heard that
aireraft manufacturers would not give the same detailed data to simutator
manaf acturers who were part of a competing aircraft company as they would

thooe who had no suel corporate ties. 1t was found that all the airerart
manutacturers who have current or recent development programs have ¢ verv
Firm pesition supporting that contention, Thev absolutely will not pive

dray, and sirilar detailed data te a direst competitor.  In one case they alie
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give such data to a simulator contractor who was a division of a competing
corporation but it was done only in consideration of the fact that the
divisions were half a continent apart, that an ironclad legal agreement to
protect the dat: was executed and that the chairman of th: board of the
simulator coprcration pledged his personal assurance that therc¢ would be no
Were the two divisions in the same complex or within commuting

data leakage.
distance, the opinion was expressed that these arrangements would not have

been adequate and probably that the data would not have been supplied under
any conditions. None of the companies expressed any serious concern about
supplying data to simulator manufacturers who have no corporate ties to

aircraft manufacturers. All that is required in this case is the execution

of an agreement between the parties to protect proprietary data. No cases

of a violation of such an agreement were known to those being interviewed,

which supported their opinion that this procedure would continue to be viable

in the future.

Two companies who do not now have aircraft development contracts nor who

have any specific near term future prospects stated that they would have no

reservation to releasing the data to any simulator manufacturer. It is doubt-

ful if either of them would express the same willingness if they had a new

aircraft development contract or were top contenders for any specific near

term development contract.

Questions were pursued to determine if there was any preference as to

whether the data package was delivered to the Government or directly to the

simulator manufacturer. All respondees expressed a complete willingness to

deliver the data to the Government with the majority expressing a slight

preference for that approach. One manufacturer stated that he would not deliver

data directly to a simulator manufacturer; rather, he would insist on deliver-
ing it at leas: through his local Government representative. The reasoning
behind this very strongoubjection was stated to be based on a proper business
relationship with the WS customer and possible legal involvement should the
package be delivered direct to the simulator manufacturer and later prove to
The business relationship portion of the position is clearly

be defective.

evident. It would appear that terms of the contract under which the data

were procured rather than the method of delivery would govern responsibility

for accuracy.
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All the people surveved were in agreement on the desirability of
putting a simulator data requirement svecification in the WS contraci, and
scheduling the deliverv of data with aircraft development milestones. ‘lhey
all alse pointed out that direct engineer to engineer contacts would be
required in addition to the hest possible data package in order to transmit
adequate guidance to enable the simulat~r engineer to understand and use the
data. They also all expressed the opinion that thev could be of considerable
service to the simulator development by having their engineers and pilots
review the simulationas an carly part of the debugging and trimming effort,
prior to the start of acceptance testing., They also agree that having a
properly queolified simulator engineer on-site in their plant is a great aid
in votting the data interface off to a good start, at least the first two

or three months of the program.

ALl centacts were in agreement that the desire to have a simulator

on-site at the operating squadron's location and in operation before the

first production aircraft arrived requires ordering the simulator befure

final data has been determined tor the aircraft. This reaunirves a cubmigeiorn
of a complete initial data package based on the best data available at the
time, usuvally wind tunnel verified aerodvnamic and performance da .-,
calculated data tor systems and detailed configuration 'avouts and ‘ollow

this with vpdates as required. No problem is envisioned in keeping the data
piackape current with engineering changes that are released against rfae
aircraft if a goond procedure is established at the start of the program and
maintained. 1t was pointed out that this must continue throughout the wervice
iife of the aircraft. There was considerable difference of opinion as to

what was the hest svstem. In general the primes did not want to accept the
responsibility for de ermining whether a given change did or did not atfect
the simulator because they did not have the required detailed knowledge as

to how the simulator manufacturer had utilized the various data items cupnliog
in his design. Thev would prefor to check a block, "simulator posaibie
affeeted,” and have the Government or simulator manufacturer determnine

whether or not the simulator is aftected.
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(1) Data Accuracy

[ The subject of the accuracy of the various types of data developed o

group ol consistent general answers and a wide variation ot detailed quantitative

e

estimates as did a discussion of the data accuracy requirement,

i

E; In general it was agreed that for many parameters data derived from ]
%_ flight test (or equivalent systems full scale tests) are required for 1
é simulators. For many other parameters the estimated data should be accurate
E enough, [t was also pointed out that the “.’ght test da-a is not as accurate
i as tne fidelity with which simulator spec..icetions require that the data be ]
% matched, theretfore the very tight simulator specifications are a waste of 4
iy money.
b
4' The question of setting the simulator tolerance to at least the variation
Ef of the various parameters over a production lot oi aircraft was not opposed;
E:: however, it was repeatedly pointed out tnat these tolerances would have to
;:v be merely estimates since to obtain measured data would require instrumenting
E; and testing a4 considerable number of aircrait. This expense could never be ;
;F justified since regardless of how pertfect the data package and the smecifica- %
E: tion may be it will still be necessary to make final trimming adjustments g
EE based on "{light" tests of the simulator, ;
i3 |
f?y some companies expressed the opinion that due to the limitations that ’
%} must be placed on simulators it is doubted if a "iull mission simulator' is
E' a realizable objective. The reasoning was t» adequate flight tfidelity,
EA . cues, etce. could only be generated for a smali portion of the mission, ror
¥
[ example air-to-ground weapon delivery, with other "part task trainers" to
! cover other portions of the mission that are suitable Uoi svnthesis,  The
i reasonin: was that the added computer capacity to be able to do all of these f
in anv one simulator was unreaiisticvally expensive nence excessive compromisces
would be required.
The estimates or the accuracy ol various tvpes of data, compared to
i
flight test data, which were received are presented below, @




t
4
v
'E ]
£ For ohie prototype iy betore buy) case:r  Acvrodvramic propulsion and
ol ner-avionic o avstenms data carn he extrapetated trom the prototvpe 1
slipht rtost data Yo revresers the nreoduction alreratt with an error ot 3
Tees than tive percent,  Avionics experience may he applicable to the
E
nrodnet Ton ot daareatiopn bt senerally it would not, ;
; For the mew development case - aerodynamic data: In the case where the
3 new alrcratt faoa vermal pregression of desipgns the manutfacturer has 3
0 previovsiv o cone fed throney ol seale development the agreement between 3
estimated and wind tunne! data shionld be very good and within the range s
B das tollows:
! Caraee, srtandard, sabsonice alreraft
} Derivatives, =10 norcent
r
b Pace oM v ties, S=10 percent i
=,
From vime ta Cime a4 catenlited narameter mav be ot 30-40 nercent,
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c. Acerodynamic and Performance bata

For the basic airplane there is no problem anticipated in supplying the
derivatives, coefficients, maximum values and other handling and performance
data requested based on estimated or wind tunnel supported data. This should
be a combination of curves and tabulated data. Going to all tabulated data
is possible but not recommended due to the volume of the data and the difficulty
in communicating all the necessary background to understand that data. There
is a problem in delivering an explanation of the methodology by which certain
of the data were derived or massaged and this background will not be giveu to
the simulator manufacturer as previously discussed. Also, as previously
pointed out, most of these data are not updated as a result of flight test,
Such updating will result in additional, though minimal, cosis if the require-

ment is included in the basic aircraft development contract.

Some of the external store data requested, the incremental effects of
dropping one item at a time, presents a considerable problem. Due to the
sheer magnitude of the numbers of combinations, aircraft are designed and
tested with standard configurations of external stores. I[ncremental effects
are not tested either in the wind tunnel or in flight test. Obtaining this
data based on other than theoretical estimates would be an extremely time-
consuming and expensive process and is therefore not recommended. Estimated
data of the effects on flying qualities of the standard configurations can

be updated by wind tunnel and flight test data.

D. System Data

There is no problem anticipated in supplying the required data on all

the aircraft's basic systems. The tactical systems in the newer aircraft

present a unique problem.

In the newer high performance types the various sensors, controls and
displays talk to cach other through an onboard digital computer and in many
cases the transmission is multiplexed onto a single circuit. There is no

way to simulate this system without building a functional equivalent with
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simulations o! the sensors to stimulate the central processor (computer).
P The flight hardware may as well be used. ]
E o
i How this svstem responds to certain inputs s controlled by tactical 1
_ tapes which are changed from time to time in the service aircraft and in
v reality recontipgure the airerart,  Since these tape programs are quite time i

consuming to prepare and debug, it is essential that the simulator use the
tactical tapes,  The manutacturer then has three choices as to how to go in

selecting the simuiator's "onboard” computer, i.e., usce the one in the airerart,

T TGRS

emuliate the alrceratt's computer or attempt to simulate the entire system on a

(IR

general purpose machine. The aircratt manufacturers estimate that using the

Mol i bl Bdnailadn,

n
actuatl computer is 2 to 1 less costlv than emulation {(ron-flight qualified

£
]

equivaient nardware) and orders of magnitude less costly than the general

nurnose hardware approach.

';l If use o1 the onboard computer is specified then the data requirements

reduce to & phvsical and wiring schematic of ail cortrols, indicators and

e i

displavs, contes ot the tactical tares applicable to the tai! number of the

i atreratt bHeing sirmitated and transter functions to determine the dvnomie

inputs the various sensers will make to the computer in resvonge to o ommands

Trom the compater, oexternal simulus or maltunctions.,

Mathemat Lol moddels that describe the output of the various ser:ors are

T oy
PR
e Ukl e it e

weill mmdersteod and can be readily obtained from the sense- rnanafacturers.,
Thev vould be optimized Yor simulation application (primarily programming)
and probablv standavdized so that little new efVort will be reauired ftor

successive arnlieations,

AT1 of this svster data will initially be e«timates hased on the :
cpeciticat Tan nertormance of the several componcats proverly combhiae’ . The
pajor dota gdato, excent for avstem eonfiguration changes, will he as g result ;
Corntl oneals Tho o mockup' tests. For o mest osubsvstems this will heothe most

aocnrate Jdata to he obt gl od v ortew ob the <ihgysterms will reqprire T ohe

tent dat g to o ringtt ) o pis down thedr nertormance, ATV comnantee pdreaagre
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test reports irom tests such as the "hot mockup.”"  These reports shouid

contain everything the simulator manutacturer nes s aad will be supplied.

Supplying the visual and aural recordings should present no problem.
Some preliminary visual recordings could be made, displavs, ete., utilizing
the "hot mockup.”" The really useful data can only result from flight tests
and can be obtained at any time after the first few flights ot the fully

equipped tactical airplane.

(1) Vendor Data

Much of the required subsystem data will be developed by vendors of the
aircraft prime contractor. A number of the details of these items usually
have been developed by the vendor on his own iunds and probably will not be

divulged. There is no problem anticipated in obtaining functionally

~quivalent data however.

Frc¢ :zime to time the simulator manufacturev will desire to go directly
to the vendor for information. All of the aircraft primes (with one

exception) object (some rather strongly) to this procedure. They want the

simulator manufacturer to come to them with the data (or conference) require-

ment and let them make any necessary meeting arrangements. Of course if

proprietary data beccmes involved there probably will have to be an agreement

executed between the simulator manufacturer and the vendor to provide for the

protectic ol - - data.
(2) Propulsion Data

As for all « © systems, very detailed engineering reports are prepare
on the propulsic .vstem and supplemented as later test data becomes

available. These would satisfy all of the simulator manufacturer's requests
except for a math model of the engine and its various subsections. The
aircraft manufacturer has no requirement for such data and suggests it be

obtained directly from the engine manufacturer.

19
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There was no reluctance discovered concerning the supply of math models

of engines on the part of engine manufacturers., In fact, a very detailed

3

b

E math model is supplied to the Government for cach new engine design. The E
i : .

: problem with these models is that thev account for so many variables that the

E .
: simulator manutacturer camnot afford the computer capacity they require nor :
is . [
: the computation time. Nearly all the past efforts with simulator manufacturers i
K

g have been devoted to accuracy versus computer requirements trade-offs to

> -
% produce an acceptiable compromise. Several companies expressed the opinion !
i _ 3
%. that a simplified and possibly standard engine model should be developed.

L k
5 The medel could provide for the adjustments the various installations would )
E: s
? _ require. i
* :
4 E. Fligit Test Data ’
o

X

Aircratt are instrumeated and tests conducted to extend the flight

envelope to its ful?! gpecification value and to obtain the demonstration

"y

points data required by the contract. 1In general very little data is taken

in the middle of the {light envelope. 1t would be a simple matter to record

data in this area if it is ordered.

et

i

F  There are two approaches to obtaining the required aerodynamic data ?
gj from flight tests. The first is to perform classical flight test maneuvers E
E% (control pulses for example) at the various points throughout the envelope. f
Eg: "he second is to apply special algorithms to the reduction of other currently i

required flight test data to derive the desired coefficients. Neither approach

requires any significant increase in the current flight test data acquisition
effort. An increase in the flight test data reduction efforts needed for the
basic aircraft would be necessary, however, the total aircraft plus simulator
data costs should be decreased by routinely reducing the flight test data to

updiate estimated aerodynamic and performance coefficients.

i
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F. Data Availability Schedule

As previously pointed out it was assumed that in most cases [t would be
necessary to supply an initial data package then institute a procedure tor
keeping the data package current with the aircraft as the data is developed.
If the initial package is delivered too soon the recipient will be swamped
with detailed changes as the aircraft is developed. Yor a new development
aircraft it is considered to be undesirable to deliver the initial package
until after completion of the critical design review and mock up inspection
milestones. These will be completed normally between 50-60 percent of the
elapsed time from go-ahead to first flight or from 15 to 18 months into the
program. This package will contain data based on wind tunnel tests with some
system bench test data, however, most of the systems data will be estimated
data. The configuration, cockpit arrangement and similar data in this
package can be formally released drawings and supplemented with photographs of
the crew stations, instrument panel, side panels and similar essential

details.

Although the simulator manufacturer should be kept informed of all
configuration, layout, indicator and similar changes as they occur, the first
update of the data package should be submitted at the release of the aircraft
for first flight, 27 to 30 months after contract go ahead. This package may
have minor refinements of the aerodynamic and performance data. Primarily
it will contain all the engineering reports of the tests of all the aircraft
and avionics systems individually and as integrated into the "hot mockup"
and the preliminary tactical tape used in the tests. It will represent the

best system data that will generally be obtained.

The last data package should consist of aerodynamic, performance,
propulsion, visual and aural recordings and other final system data based on
flight test results, This package should also contain a copy of the tactical
tape to be used during the acceptance testing period. The availability of
this data package revision except for aerodynamic and performance data can
be delivered between 50 and 60 percent of the elasped span of the flight

test program, 6~9 monthe¢ after start of flight tests or for the typical
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schedul e assuned (F<Dhryy 3h ro 39 months after awara, The e<timates  the
AU manutacturs tno as to toe epdate o aerodvoamic and pertormance data odased
on flipght rest result s were all piven fnomonthe g ter omnletion of g
testes which varied trom 5 to 8 morths which would 41 to 44 months at‘er
contract: wadrs o More imeortantly o it PG one vear betore the training
equipment v reauired to e oin clace at o the Tactical Aly Command.  Alinoug .
this scheduic would support the simelater schednle, an alternate and nore

rapid method is discessed in Section 4.2,

[
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The afrcratt manutacsturers consolidated opinion i= that there ate no
aroblems wit aircrat et siralator data that cavnot be solved by strogyhtrore. s

sound busine-s procedures incorsoratiny the following actions:

1. Pesine the Jate o be supn'ed,
2. Order the reguired dathy in the initial atrerart contract,
3. Schedule Lo data delivery to be consistent with the alrorat

doLelonment o lestones,

4, A o UL e neURED STiOrits e the cata bt vLve L Lod prenet
rloce dn o rhe emnlovment o assets,

PoCbhmir oan

. Ree wlive st each respondec o the simuiator S
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executed gpreeMent cor the oretection o proprictady data 2t the

alcor sy noime and ident i fed kev verdors to ensure Jha Gty o
Lo a0 re W T he e bansed proneriy,

AMtaovey aot o dar e oprokter, serions considerat om sneulld be wiven e
ordering g oW ooy tead time crew station coptroos and urnishiinegs, whiich
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SECTION 1V
SURVEY OF GOVERNMENY AMIVGVITIES

1. ACQUISITIUN ACTIVITIES

v The United States Alr Force, Aeronautical Svstems Division, siaulator
Program Office and the Naval Training ifquipment Center, urlando, Fivrida,

were visited to receive tneir assessment of the situation and their guidance.

The information obtained from beth ol these activities is in complete

agreement and is summarized in this paragraph.

T e e g g

Although both activities nave for some time been making the aequisition

Fee
L]

£

of the aircraft data package the responsibility of the simulator manufacturer,
the results have not been entirely satisfactorv. In view of the increased
emphasis being place on training and maintenance of readiness through

simulation it is beiieved that the Government shouid assume the responsibility

4 tor obtaining the data package required tfor the developwment of a simulator.
v To this end they consider the development of a proper data specification to

be incorporated in future aircraft acquisition contracts to be a vital first

;1 step. Trends in simulator development were inguired into so that the data
E§ requirements could be developed to be compatible with the future needs.

Bﬂ This developed the guidance that the studv should address the requirements
Es; for a current tfull mission simulator which would produce a specification

which would yield a data package adequate for any of the foreseeable future
needs. Full cooperation with the study effort was pledged and received

throughout the study.
2. FLIGHT TEST ACTIVITIES

Visits were made to the United states Air Force, Air Force Systems
Comusand, Flight Test Center at Edwards AFB, California, and to the United
States Navy, Naval Air Test Center, Patuxent River, Maryland, to obtain
information as to what data normally will be available during flight tests,
what additional data could be made available relatively ecasily and to discuss

their experiences in trying to obtain adequate tidelity in flight simulators.

?
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The Viiaht Test Center tregruent v makes crgineering simulations of

v 1 1S

fmpoartant tiight test nrofects in their FPight Test Engineering Tedctnology

Brgnch snnnertod ey o the Tleinge galities Branch, 'n the future thev wonld

Pee to make a fal! engincerineg simulation of each new alrceraft undergoing

tlight test and reduce aerodvnamic parameters and performance characteristics

during the tourse of the tlight test. They are now in a pcsition where they

helieve that thev can produce a complete set of flving quaiities parameters

from f'ight test data as well as a map of performance characteristics within

five months after the start of the Air Force/contractor flight test program,
THis o conld he dJore without detav of the normal flight test propram if

integratoed with the flyving qualities tests currently required., 1t not
integrated 'hese data can normaily be obtained in three flights with six
flights as the maximum, Changing the flying qualities specification to

inciude the derivatives would save considerable time since the required

tests would extend the flight test data acquisition time very little (about

25 seconds alter trimming).

In woriting with simulators in the past it has been found that in many
cases the poor performance of a simulator gets blawmed on the aerodynamic
data when the culprit really is the inertia and weight data {(calculated data
is often i1 error as much at 30%) or an inadequate representation of the

equations of motion in the simulator.

In order to check out a simulator for acceptance an expanded step by

step procedure as presented herein is recommended. Basically it consists

of ensuring that the math model correctly describes the aircraft and then

determining that the simulation accurately reproduces the math model. Much

of this effort can and should be performed at various times throughout the
simulator development cvele leading up to formal acceptance testing, really

formal demonstration of a simulator that has already been determined to be

acceptable,

Figure 4 is a block diagram of the suggested checkoutout procedure,
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1. EQUATIONS OF MOTION. The performance of the simulator in reproducing
handling qualities and performance is determined. This is done by
. comparing the time history response to specific standard inputs generated
f by the simulator with those generated by a fully verified digital
program. The programs utilized bty AFFTC to accomplish these tests are
avai . 1le to Government simulator activities on request,

2 AERODYNAMIC DATA (SIMULATOR). Aerodynamic data must be smoothed and the
correctness of the data actually programmed into the computer must be
verified. As a minimum generate set of plots from the simulation cards

or tape to check for keypunch errors.

} 3. FLIGHT CONTROL SYSTEM (SIMULATOR). Some of the basic aerodynamic checks
A discussed should be made with the flight control system turned off,

even if that is not possible in flight, The FCS must pass both static

and dynamic tests. End to end static checks to verify system gains,
forces and displacements are straightforward., Dynamic checks of a digital

- e e et

g system are more difficult., Comparing time histories generated by the
' simulator with those of a verified program is a possibility for making i
1 this check. 1

The above steps should verify that the simulator with its math model can !
reproduce the aircraft if proper inputs are provided.

4, AERODYNAMICS DATA (AIRCRAFT). It is essential to have the proper deriva-
tives programmed in the computer. Accomplishing this by pilot testing ;
and adjustment is not entirely satisfactory. Every attempt should be i
made to procure flight measured derivatives for programming the simulator. §

FLIGHT CONTROL SYSTEM (AIRCRAFT). Schematics with components and their
transfer functions have not proven to be accurate enough for simulator {
use. The end to end trancfer function of the actual aircraft hardware
should be measured and programmed into the simulator.

ol GV T
[V}

. -,

~Ap>
¥

WELGHT AND BALANCE. It is highly desirable to measure the various
inertias of the aircraft, particularly in roll, as well as determine
other weight and balance data by full scale aircraft tests since cal-
culated data has proven to be insufficiently accurate for good

simulation performance.

-
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Figure 4., Block Diagram of Suggested Checkout Procedure
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(1) "Time Compression"

A phenomenon of "time compression” has heen observed by AFFTC which

could have a very significant impact on simulator design.

It has been observed that when faced with a time critical heavy task
load, a pilot can accomplish a greater number of tasks in a simulator in a
given span of time than he can in the actual aircraft., The difference
between the two performances varies with the severity of the task loading,
(the heavier the load the greater the difference) and has been observed to
be as high as 40 percent., It was found, for example, that pilots who could
regularly complete all the tasks on a flight card, for a tightly time
constrained test such as a lifting body drop, in the simulator would only
he able to completc 60 percent of the card in actual flight. The same
phenomenon was found in RPV drop tests when comparing the performance duriug

practice in the simulator with results obtained when controlling the actual

drops.

[f this phenomenon exists generally then some account ol it wiil have
co be taken in training simulators when very time demanding evolu: ions, such
as low altitude target conversion and weapon delivery, are involved. AFFTC

does not have enough data to make this determination at this time.

B. Naval Air Test Center

The simulator problems obsierved by NATC engineers were stated to be the
result of:

1. Inaccura. o or incomplete data supplied to the simulator

contractor.

2. Mistakes in interpreting and implementing the data supplied.

b, Yiming problems with tie simulator response (most pronounced
with a visual system and tends to cause pilot induced
aecillations).,
Control force system inaccuracies Cimproper feel).

4
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These design problems are supplemented by errors introduced due to

improper maintenance and can result in gross flight system errors.

Corrections to these problems will be pursued by supplying the cimulator

P v e

manufacturer with the necessary NATC published and unpublished test reports

supplemented with flight test engineer and test pilot support throughout the

program.

The Navy has a number of Navy preliminary evaluations during the testing

of an aircraft and before it is delivered for formal Navy flight tests.

1t

is planned to follow the same proceduve with simulators to help spot flaws

early in the development program.

A team of flight test engineers and test

pilots would conduct a series of NPEs scheduling the first as soon as the

simulator was flyable.
define his problems and the preferred solutions. The formal acceptanc

testing will therefore become a demonstration program,

e

The need for a periodic certification of simulators in service was

strongly pointed out,

Some routine method and requirement for performing

The purpose of these would be to help the manufacturer

this needs to be established. Perhaps adding simulator fidelity to a unit's

annual operational readiness inspection would be an adequate requirement.

A source of qualified rest pilots and flight test engineers to aid the

commands and perform the inspections is also necessary. Probably the

Service Flight Test Centers are the best sources for this assistance.

NATC

has, at the request of user commands, performed required modifications to

simulators in the field to improve fidelity with excellent results,

time to time it was necessary to determine some data in the actual aircraft

From

to supplement the flight tesu. data that in some cases was several years old.

Simple, hand held instrumentation has been found to be adequate to accomplish

this.
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SECTION V
DISCUSSION AND RECOMMENDATTIONS

1. DATA ACQUISITION SYSTEM

This studv indicates that the data required for the development of
simulators can be supplied on time and at minimum cost if the data is
ordered in the initial aircraft contract, and the Government Flight Test
Facilities are utilized to assist in the process. The initial package
should be scheduled for delivery after CDR (the later the better) with
provision made for updating it as better data becomes available. The supply

of simalator data must be emphasized in the contract and by the Aircraft SPO

in order to amake any system work,

1t is recommended that the simulator data package procured from the
aircraft prime contractor be comprehensive enough to support development of
a full mission simulator unless a positive determination can be made that no
such simulator will ever be developed during the life of the aircraft.
Data packages can be defined from this master package and duplicates provided

to support simulators and trainers of less comnlexity.

The precedence order of the various classes of data is data derived from

the following:
Aerodynamics
1. Flight tests
2, Wind tunnel tests
2. Theoretical estimations
Propulsion
1. Flight tests
N Test data in installation mock up
' Bare test stand data

4, Theoretical estimations

! Formally released drawings supplemented bv photographs of

actaal afrveratt

2. Preliminary drawings supplemented by photogranhs of mock una.
OHR
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Aircratt systems
1. Flight tests (timing)

2. Hot bench mock up (transfer functiouns)

3. Component tests

4, Theroetical estimations

Avionics systems
1. Flight test (video and audio recordings)

2. Hot bench mock up
3. Component tests

4. Theoretical estimations

Ground operation

1. Taxi tests
2. Comporents tests

3. Theoretical estimations

Weight, balance, and inertias

1. Tests of actual aircraft

2. Theoretical estimations

[t is recommended that the initial da.a package consist of the highest

precedent data available when it is submitted. The aircraft prime contractors

data requirements will not, however, be completed until all classes of data

ordered from him are based on information of precedence number 1.

The aircraft manufacturer can supply all the data needed except for

Government furnished equipment. [t is necessary for the Government to obtain

the required data from their GFE suppliers in those procurement documents.
The aircraft manufacturer will have to describe anv modifications to the GFE

or modifications to its performance caused by his installation (for example

engine installation loses) as part of uis package.

An alternative to the aircraft manufacturer for the supply of flight

test derived handling qualities derivatives and performance parameters exists

in the Government Flight Test Centers. It is desirable for them to prepare

an engineering simulation of each major flight test project regardless of

simulator requirements, The question then is whether or not to have themor

49

ot ol i A

e it s ool e LA s s

M

el




e e e

-

< g

g

. gy
- -

B g

.

N
3
&

the aircraft contractor responsible for deriving handling qualitv derivatives
and pertormance parameters based on flight test results, Since the Govern-
ment Flight Test activity will work with everv new aircraft and an aircraft
nanufacturer onlv with his own designs, it is logical to assume that greater
tearning and advancement in the techniques would result from requiring that
these data be supplied on every new design by the Government Flight Test
activity conducting theaircraft tests., It would also appear to be in the best
interest o1 the program to schedule the acquisition of the flight test data
required for simulators early in the flight test program. This would permit
the training equipment to he in place to support the arrival of the first

aircratt to the first operational user.

The wovernament Flight Test activity is in an excellent position to assist
the simulator manufacturer in the early debugging of the simulator bv the
surply of a flight test engincer and qualified test pilot to perform informal
assistance evaluations. This would supplement, and in general come later in
the program than, the assistance the simulator manufacturer would procure

trom the aireraft prime by direct contract.

It is recommended that AFFTC be tasked to perform the required data
reductions, simulations and validations and perform the update of the data
package with flight test derived handling quality derivates and performance
parameters. To avoid duplication the aircraft prime would not be tasked to

update these tunctions beyond data based on wind tunnel results.

Tt is recommended that the Governmen: have the initial data package
delivered to them, as well as all updates, by the aircraft prime contractor.
The prime contractor should deliver, as part of the data package, an accession
Tist ot the data in the package and of supporting data, including unpublished
data, thev mav have to augment it, This list should be updated with oach

data update.

It is turther rcecommended that the Government announce the intended

simulator procurement in the Commerce Business Daily well in advance of the

REPL.  Fach respondece to this announcement who has been selected to recoeive
50
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the RFP should be notiticd of the availability ot the data package for

review prior to the release of the RFP, piven a copy of the accession list,
ae. rmed that the data package will be delivered to the winning

(- vzawor,  They should also be informed that each will have to obtain any
additional data or technical support he requires direct from the prime
contractor and the proposal will require evidence of an agreement with the
prime contractor for the protection of proprietary data and the supply of the

desired additional data.

After the simulator manufacturer is selected the data package shculd
continue to be updated for higher precedence data, or for any changes,

until the simulator is delivered.

It is recommended that the simulator SPO be included in the review of
all procurement contracts for GFE or replacement stock items that have
indicators, displays or controls located at crew stations in order to ensure

that adequate simulator data requirements are included in the procurement

package.

The tinal data system recommendation is that the simulator data package
and the acquisition of flight test data for the derivation of handling
qualities and performance simulator inputs be placed at a high enough
priority to ensure compliance so that the aircraft and training equipment
can both be delivered to the user commands on schedule. A concurrency plan
to prohibit the aircraft from moving to the next milestone (for example
prohibit the acceptance of an aircraft) until the simulator data package

is delivered is recommended to achieve schedule compliance.

2.  PROCUREMENT OF PARTS

It is recommended that the aircraft prime contractor piepare a list of
long lead time crew station detailed parts, controls and furnishings
normally required to be in a simulator and that enough of these be placed on
order and scheduled for delivery early in the aircraft production contract

to cover the first year of simulator production. These parts must be to
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[y the configuration applicable to the specific tail number airplane being
simulated of course. This will support the simulator lead time so that a
"buy" decision for these parts is practical. The terms of purchase should
provide for phasing these parts back into the production line if not required
for delivery to the simulator manufacturer by a specific date.
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SECTION VI
RECOMMENDATIONS FOR FURTHER STUDY

The information reported by the Air Force Flight Test Center concerning
"time compression" is of =/ L. ~uccern to the design of some part task and
all tactical full mission saimuiiators, It is recommended that a study be
undertaken to define fi:(s probi<m so that simulators can be developed to

accommodate it.

It is recommended that mission analyses,which will cut across the ISD
efforts of the various commands and address the total training mission of
the Air Force as well as the various commands, be undertaken to determine
training requirements, and synthesize instructional systems to provide
optimal service-wide solutions to these requirements. This will define the
family of training devices required, including the required performance of
each type. Simulator specifications could then be confidently based on this

foundation.

It is recommended that a study of commonality of subsystems of simulators
be undertaken. The instructor's station is a function of training objective
rather than simulator design and lends itself to a standard modular design
approach. Simulation of sensors to provide the input to an onboard computer

is another area in which it appears that commonality could be achieved.

It is recommended that further studies of the accuracy of simulation
required to achieve the phased training objectives of the user commands be
undertaken. These should be cost versus performance trade-off design studies.
Major questions having a very large potential impact on data requirements and
simulator cost involve accuracy of replication of the aircraft characteristics
as related to the flight envelope of the aircraft, motion base requirements

and visual subsystem requirements,

It is recommended that a study be undertaken of the reasons why previous
simulators have not been utilized to a greater portion of their capability.
The study should not only define the reasons for low utilization but develop
recommended corrections to the objections and also develop an educational
and motivational program to be conductad in the user commands to motivate

the instructors, line pilots and commanders in the employment of simulators.
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A study of the various approaches to ensure rontinued fidelity of
simulators in the field is recommended. This study should involve t'  user

commands and AFLC and result in a standard scheduled procedure to be

implemented to accomplish this vital function.

A study of cost versus effectiveness of simulator maintenance methods
is recommended. The results of this study may impact data requirement and

could define additional technical training requirements.
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APPENDIX A
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ATRCRAFT SIMULATOR MANUFACTURERS QUESTIONNATRE

The purpose of this questionnaire is to gather information concerning
aircraft simulator data requirements to be used in a study having the

objective of devising better ways to satisfy those requirements. The design

L Y £

data required, its accuracy, format and schedule, is the information desired.

Also desired is vour experience on past contracts in obtaining the required

ey s
feepts

data and how any problems were solved. Experiences where no problems were

$ encountered in obtaining data are equally important.

_,.
| e
]

Since it is considered that your data requirements will vary considerably
(even for the same type of data) for the various classes of simulators, this
questionnajre requests that answers be broken down into a section for each of

4
4 the three basic classes: full mission, flight, and part task trainers.
}

) One of the study objectives is to make appropriate recommendations for
: improvements in the acquisition cycle. This is why the questionnaire starts §
wi: h pre-proposal activity and carries on through the full material life cycle. :
Any recommendations for acquisition process improvements are welcomed. This

is also why the scheduling of data requirements in elasped time is stressed ;
and wny your estimates of the optimal elapsed time for the several phases 3

of the simulator development cycle have been requested.

For purposes of this analysis the simulator acquisition process has
been broken down into phases and tasks as shown below, and the questionnaire

organized accordingly.

ACQUISITION PROCESS
PHASES

CONCEPTUAL ‘ DEVELOPMENT : PRODUCTION OPERATIONAL

g
{
1

PHASE PHASE PHASE , PHASE
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Please answer the following questions ter each tyvne of simulator with
l

F

i which vou “ave expericre. Please he candid. Your comments will not ne orelated
; teoveny compacy noany report, Please have vour response srepared by the time
: !

t of arriva' or the interview team or within two weeks of receint, whichever is

carlicr.,

FULL MISSTON SIMULATOR

Please answer the tollowing general questions for each phase/functional

area as applicable.

-

I
e
3
.

Wwhat data do vou need, what format (coefficients, etc.) and on what

schedule!  whit accuracy is required! 1s this data generated by airorare

manufacturers Cincluding flipht testd te this accuracy for other requirements

or is it ianigue to simulator requirements? !t the data vou require is not

available on the schedule vou have specified. would it be pessible to utilize

data of les=s accuracy (other format) now if the tu'l accuracv data were made

available larer? 1t <o, please define the interim data (for example.

e vavineering ost imates v flipht test data) and the revised schedule tor receint

o the rull cequirement.,

:" : s - - -
: Wwhat has heen vour experience in obtaining the data of the types definod

Has {t been readilv available, required

S

in resporse to the above question?
j extraction, or not reworded at all?  How many meetings, over what period of
N : . . . ,
£ time, and about how mucihi expense was inrvolved in obtaining the required daa:

What, in vour opinion, is the basic cause of anv problems encountered!

e T —

What iepact has data availability had on the guality of proposals or

*
"

“he osertormenee, delivery or cost ot simulaters!
N ovour experieonce, what have been the mator criticisms ¢f simulators

das realistic wabstitutes tor actual light training and what data would he

required co over-come these Timitations or ohijections!

L Y SUPE




The following topical outline is submitted with the request that vour

answers be arranged accordingly as an aid to collation in a later task ot

TRy ;z Ty
T T
e

the study.

i, i

PRE-PROPUSAL TASK - CONCEPTUAL PHASE

i

E Mission considerations
4
E
3 Scenario ]
= Profiles
% Tactics
= Weapon system considerations
I
‘| Performance :
% Crew station layout
;?
g, Armament
) . .
Avionics

Simulation or training objectives

i =

E PROPOSAL TASK - CONCEPTUAL PHASE

| Mission definition H
i Profiles \

?' Targets

ég Threats ;
f? Tactics

gf Weapons system definition :
3 1Y Armament ;
\} Avionics 1

Crew stations layout anf furnishing
Crewmember task loadings

Aircraft abd oiwer okabt oerfirnabee data

Simulator requirements
Aural simulations
Crew stations

Displays and operable equipment

Environment

Flight envelope and maneuvers

i
|
"
4
i

Scanning area




Eftects of altitude

& Instructor stations - emergencies 3

E: Mission phases (T.0., cruise, search, weapon delivery, etc.) q

% Mission situations (threats, tarpgets, ete.) ]

!E Mot ion 1

5 Power plant

; Visual subsystem ﬂ

i Referenced specifications and standards q

ﬁ Source of detaliled data for use after award ]

F

é SOURCE SELECTTON TASK - CONCEPTUAL PHASE

B

£

; It is assumed that there are no manufacturer technical data requirements ;

éi during this covernment-conducted task.

E ‘ ALL TASKS - NDUEVELOPMENT PHASE

.

f Acrodynamic performance i

‘; Clean airplane--steady state, accelerated flight, full envelope. {

g' boundar; etffects, _

'; Change in verformance (tlving qualities) with ¢C shift, yr-ose weight,

:‘ tlap position, slat position, gear extension, speed brake j

N position, buffet, Mach no, ;
i

Eftects of external stores

Efrfects when exceeding tlight envelopes

Maneuvering ettects, tlight controls, enpine performance, oto.

stall and post-stall effects
Avionics

Armament monitor and control

Communicat ions
Sloctronic wartare
Homing,

i

Ydentiticarion

Intercommunicat ions
Neviearion

sensora

O N

Wearon delivery
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i
.
Crew stations ]
g Controls, monitors, instruments, display and warning (caution)
? indicators. 3
? Detailed Tavout, turnishings and adjustments
é Ejcction svstem ;
) Environmental control svstem A
é Life support system
{ Lighting
h Aural envirorment due to vibration, wind, system operations,
i power plant, brakes, touchdown, alarms, etc.
% Electrical system 3
: Bus logic ]
Cockpit controls and indicators %
Emergencies j
Flight_controls
AFCS operation
Control loading and teel throughout envelope--various configurations-- }
normal and emergency systems, ;
Control loading beyvond envelope and all abnormalities ;
Power plant g
rim svstem ‘ 2
Flaps and siats 3
Arresting gear ]
Landing gear §

Speed brakes

Fuel system :
Cockpit controls and indicators :
In=flight refuel procedures
Internal transfer procedures j

Emergencies
Braxes

Nose wheel (or other) steering

Motion due to taxiwayv roughness (pitching)

5Y
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Hydraulic system (and pneumatic system)
Controls and indicators
Load/demand characteristics
Pump-accumulator performance
Emergency procedures

Tnstructor station

Communication with student, tactical simulation, tutorial controls:

emergencies, instrument readings, mission situation.

Monitors of crew performance--hard copy
Missions

Gaming area--size-~features-~dynamics

Tactics

Targets

Threats

Weapons and weapon delivery modes
Motion

Requirements

Power plant performance and controls

Before start
Enwine start

Ground operations, response, fuel consumption

Jlight operations, response, thrust, fuel consumption,

temperature, altitude and maneuver effects
Erergencies
Visual system
Collimation
FOV
Light conditions
Resolution
Scene content

Weather effects
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FABRICATION AND QUALITY 'TEST TASK - DEVELOPMENT PHASE
; ! \
f What are the problems with acceptance test procedures?
é_ s the AC performance data to which the simulator is compared in these ,
é; tests available on time? 4
gi PRODUCTION AND OPERATIONAL PHASES ]
£y
E: What are the problems in keeping the simulator configuration current ;
g; with the aircraft configuration?
3 .
g ; FLIGHT TRAINERS j
|
Use the same qeustions and acquisition cycle phase breakdown as before {
and arrange answers using the applicable portions of the outline presented j
for the full mission simulator. Identify the type of flight simulators ?
(instrument training, operational procedure, etc.) for which your answers ;
are intended. ;
5
!

PART TASK TRAINERS

e

Pick a cockpit piocedure, navigation, electronic warfare or other PTT

with which you have had experienc: and answer the same questions using
[f your

applicable portions of the full mission simulator outline as before.
1f you feel

e e A

answers are applicable to more than one type, please so state.
that more than one answer is required to present the experiences you have

had, please submit as many replies as you desire.
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APPENDIX B 3
ATRCRAFT STMULATOR DATA REQUIREMENTS STUDY - AlR WEAPON
SYSTEM PRIME CONTRACTOR QUESTIONNALRE ;

The purpose of this questionnaire is to determine the availahility of

L, the data that simulator contractors need to develop simulators that duplicate
be the instrument indications, control forces, etc. of the actual aircraft
¥
i, within tolerances acceptable for production units of that aircraft.
i
¥ 3
ﬁ Since it is not practical to dictate the point in the development cycle 3
¥ - . - . . Co ;
i of the ajrceraft where the simulator contract will bhe let, it is necessary to k
;,
b provide !for the various possibilities which will range from overlapping
-
£ development of the simulator and the Weapon System to procurement of a ;
e E|
4 . - . . " . : . .
i simulator for an out-of-production aircraft. Accordingly, information is :
oy
! desired concerning data in varions levels of maturity, i.e., flight test (or 1
: i
i equivalent svstem tests), wind tunnel (or equivalent system mock up), and ]
: ]
f e ;
calenlated (estimated) data. §
% i
¥ AERODYNAMTC DATA ;
£ Taking "light test results as the baseline, what does your experience i
5 indicate as the accuracy of aerodynamic coefficients and other parar ers i
~Qi gerived from wind tunncl data? From calculated data? i
> j
L:ﬁ f
¥ " - a - . I3 . {
t; When could a complete scet of acrodvnamic coefficients based on estimated i
aﬁ (valculated) values and the functions showing the dependence betweer applicable !
e coctticiente he supptied? Months after awiare of contract for enginecrine :
devetopment of a “ighter cuch as the F-15, j
When could this same package be made available bhased on wind tunnel j
data?
e
4 When could it e made available ¢ based on flight te-t resales? .
L
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Do you object to supplying any of these data to simulator manufacturers
who do not manufacture aircraft? To those who do? 1f s0, what alternates do

you suggest?

AIRCRAFT SYSTEMS -~ electrical, envirommental control, hydraulic, pneumatic,

life support, warning, etc,

e i i e LR TR —

For each system it is desired to have a description of the system with a
functional block diagram along with schematics. The location and function of’
all circuit breakers (or other protection devices), switches, controls and
£ indicators are needed. The normal readings of all instruments are needed as
well as the variations of these readings to be expected with the operation of

a connected load, shut down of a pump or other normal operation, malfunction i

® gy -

Pt

or abnormal system condition. If applicable to the system, load analyses
are required as well as the changes in system operation, if any, with airspeed,

i :
;f altitude, engine rpm or other functioms. 1

data? When based on operating mock up test data? When based on flight test

;
E? When could the above data be supplied based on calculated (estimated)
é? data?

b Do you have an alternate data package to suggest?

AIRCRAFT INSTRUMENTS

[ R A

A description of the instrument power supply systems and which instru-
ments are lost as alternate power supplies are selected. What instrument
malfunction indications have been provided? A drawing showing the layout of
the iastrument panel and panel lighting which is keyed to a list of suppliers f
and part numbers of all the cockpit instruments and indicators being employed ;
is required. Details of any modifications to standard instruments, such as
inactivating one servo of a multi-indication indicator, are required as well

as schematic wiring diagrams.
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When coutd an initial data package be supplied? How would you suggest ]

keeping it current for a given tail number of aircraft?

AVIONTCE - armament control and relecase system, communication, navigation,

sensors, defensive svstems, and onboard computers

Initially a system description including functional block diagrams with j
all equipment nomenclatures i{s required. This will have to be expanded to ?
include schematics of the system and the transfer function including i
schematics and logic of each item of equipment. [f this is not releasable 1
for a tew items of equipment, such as EW equipments which contain computational 4

E|

capability, functionally equivalent data, appropriatelv so noted, mav be 3

supplied. it an onboard computer is used either centrally or as part of a '

subsystem, the details of the computer =nd the programs included will be ]

required.

Details of an avionics systems' controls, indicators, outputs and displavs i

will be required. 71f an output is an audible signal a high fidelity recording 3

i

of the sigra! is desired. 1f the output is a display, photographs of typical !

outputs appropriatelv annotated are required. At a later date a vroperly :

narrated flight video tape of the equipments' displav is highly desirable for 5
svstems (such as sensors) that have a dynamic video display.

't is necessary that the data cover abnormal as well as normal opervation. E

]

3

What dees a poerly adjusted scope look like for example? What is the effect of
i

actuating switches in an improper scequence? What are the most likely failures

and what 1s the cvidence of such failure apparent to the flight crew?

When could an initial data package (estimated data) with sketches
instead ot photopraphs) and a final package be supplied?
Would vou clear a simulator contractor tor visits to vour vendors to ;

determine details of equipments being developed tor you?
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FLIGHT CONTROL SYSTEM - autopilots, antomatic stabilization systems, dampers,
surtface control systems, cockpit controls and artificial

fuel systems

A description of the systems supported by tunctional (signal) tflow
diagrams, schematics, and transter functions will be required. Movements of
controls as well as applied torques must be capable of being related to the
deflections of appropriate surfaces under all normal conditions within and
slightly beyond the full flight envelope of the aircraft. The effects on
these functions when in an abnormal mode (one generator out for example) is
required, All indicator readings are needed for both normal and abnormal
operation. What are the backup modes and how does the crew bring them into

use? What happends if the procedure to deploy units is incorrect, for example

throws switches in the wrong sequence?

When could this data package by supplied based on calculated data? When

if based on flight test data?

Are there any data items in these systems which you would be reluctant

to supply to another company?
PROPULSION SYSTEM - engine and its auxiliaries, fuel system, oil system

Engine (turbojet engines, turbofan engines). Data to permit a complete
analog of the perfurmance of the engine including ground start, taxi, takeoff,
the entire speed-altitude regime of the aircraft, and air starts for both
normal and abnormal (standby systems only) operating conditions. These data
must be such as to correctly time relate the location of the power lever to
the indication of all instruments, the fuel flow and the performance of the
aircraft for standard conditions, und data for correcting these f{igures for
nonstandard conditions, over the full operating range of the engine and
aircraft., The data for correcting test stand data to installed performance

data is also required.

695

AL

ko 1 emeracnn

b it

v

|
i
i



The revadings of all instruments with their appropriate lags and dynamics

s to control movement or actuation is needed.
] When could estimated data be supplied? When could it be based on mock-up
test stand running? When bused on flight tests?
és‘.’ .
When could a high fidelity recording, properly narrated, of the engine

sounds at the crew statlions be supplied?

0oL

Aarac!
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Is there any of this data that you would not desire to deliver to another

il o e

manufacturer?
-
L i FUEL SYSTEM
n
Ay
??‘1 g

Fuel tankage, a functional diagram of how the system works, and fuel :

management requirements are needed. All pumps, indicators, switches, etc. must

E‘ be spelled out and the readings of all indicators as a function of switch
-.’

{ position and fuel demand is required for both the primary and emergency fuel

ek i dalblies: oy

X systems. In-{light refueling controls and operation should be included,

[
s o elaRari e, st

When could the fuel system data package be supplied if based on

estimated data? On flight test data?

o b1 Al i

udi

OIL SYSTEM

Description of the system and system management along with the indicator

readings as a function of engine operation and other variables is needed, :
When could this data package be supnlied? ;
PERFORMANCE
4

i

A description of the maximum performance envelope of the aircraft in 4
terms of airspeed (Vimits tor each configuration), Mach no., accelerations i
and rates ol climb or aive, altitude, anple of attack and anele ot sidesiip
4

range of the appropriate valnes, 4

is required along with a4 statement of the




A description of boundary conditions such as buffet boundary, stall warning,
stall and spin entry are also required for the clean configuration and with

various external stores attached.

When could calculated data be supplied? When could the applicable
portions of the data be available from flight tests.

PHYSICAL DATA AND CONFIGURATIONS

Dimensional data of the cockpit section forward to the nose of the
aircraft is required. Drawings to the lowest level are needed for the cockpit
area. Profiles with pilots eye locations are required. Cockpit photographs ' E
would be helpful. The part number and supplier of each panel and it'm in the

cockpit (ejection seat, instrument panel, etc,) is desired. 1In addition to

drawings, full scale loft lines including the windshields and canopies is

desired.

Dimensional kinematic diagrams and kinematic equations of the flight
control system is required including special flight systems such as tabls,

bob weights, dampers, etc.

ot e

Moments of inertia of the aircraft about each axis and dimensional data

of mavable masses (external stores) to permit calculation of moments of

interia in any configuration.

PERRTT

Gross weight and center of gravity data and design limits,
V~N diagrams for all the design conditions of flight.
Rates and limits of movement of tabs and controls.

Maximum design values of rates of pitch, yaw, normal acceleration and

longitudinal acceleration (both in flight and on the ground) are required.
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When in the development cycle of a new ailrplane can this data package

be supplied if based on estimated data? When if based on flight test or

other full scale operational test data?

Is there any of this data that you would not give to a simulator manu-

facturer who did not manufacture aircraft? Would there be if he did compete

in the military aircraft market?

DATA FORMAT

It is important that all data be properly annotated as to the conditions
under which it was taken, the method of recording, the analvsis and reduction
methods appilied, and the methods used for calculation and estimation for

estimated data., Curves which are not supported by the tabular data from which

they were drawn are generally not accurate enough for the simulator final data

package.

For all data it is desired to have an estimate of the range of values

over which it is expected these data items will range due to variations in

production aircraft, measurement techniques. etc,

Although much of the required dati has not existed in formal reports
experience has shown that nearly all data that is required for the initial

package exists in the form of c¢ngineering working papers, engineering in house

reports, englneering memoranda and similar working level informal documentation.

These documents, properly annotated, would be very userul for the initial

data package.

Having supplied an initial data package it is necessary to keep it
current as hetter data becomes available or changes are made which effect the

particular serial number aircraft selected as the baseline for similatior,

throughout the service life of the aircraft. Direct engineer to engineer

conterences. supply of all drawing mods and supply of all pertinent ECP's

to the simulator manutacturer have proven to be effective.
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Do you object to supplying any of the data or participating in any of
the conferences outlined above? 1f so, what is your recommended alternative?
Would you prefer to supply the data to the Government pursuant to a CDRL
item as opposed to delivering it direct to a selected simulator manufacturer

on notification by the Government contracting officer? How about data from

your subcontractors?

| Assuming that it is determined that an on-site representative is required,
would you prefer to have a representative of the simulator manufacturer on-site
in your plant or send one of your well qualified engineers to be on-gite in
the simulator's manufacturer's facility for the purpose of engineer to engineer

consultation and gathering additional understanding of the subsystems of the

air weapon systems?

SUMMARY

The above covers the tybes of data which the simulator manufacturers
have indicated they need to design and build an adequate aircraft simulator.
This, of course, would be detailed were it to be put into a specification.

If you have alternate suggestions please be assured that they are earnestly

solicited.
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